This paper documents the development of a labor module that incorporates jobsearch frictions, to introduce unemployment into the standard GTAP model. In this approach, unemployed individuals must search for a job opening and firms that want to hire must search for a worker to fill the job. To illustrate the potential value of a GTAP model with frictional unemployment, the impacts of a 25 percent increase in U.S. tariffs on metal products (e.g., ferrous and non-ferrous metals) are simulated. While employment of skilled and unskilled labor increases in the U.S. metals sector, employment of both types of labor declines in U.S. manufacturing and services sectors. These decreases in employment offset the increase in the metals sector, leading to a 0.8 percent increase in the unemployment of unskilled labor and a 1.5 percent in the unemployment of skilled labor. These increases would translate to a 0.1 percent point increase in the unemployment rate in the U.S. labor market. A potential barrier to wider use of a the GTAP model with unemployment is the availability of job separation or turnover rate data in regions other than the United States. In the example simulation, job turnover rates, and thus the initial levels of matched labor in the non-U.S. regions are assumed to be the same as for United States.
Introduction
Many applied general equilibrium (AGE) models, such as GTAP (Corong, et al. (2017) ), have been designed to assess the impacts of policy changes, such as trade liberalization and climate change, or technological change in the medium to longrun where the time period is long enough for labor markets to return to a fixed or full-employment equilibrium following the policy or technological change. As such, these models assume that the labor supply is fixed and a uniform, flexible wage rate balances labor supply and labor demand. As noted by Boeters and Savard (2013) , researchers must go beyond this basic labor market specification if they are interested in assessing the impacts of a specific change in labor market a Department of Agricultural and Applied Economics (0401), 210A Hutcheson Hall, 250 Drillfield Dr., Virginia Tech, Blacksburg, VA 24061 (petrsone@vt.edu). institutions or if they are interested in the labor market impacts of a policy change that does not directly impact labor markets, such as trade liberalization. Given recent concerns regarding the impacts of trade agreements, such as the North American Free Trade Agreement (NAFTA), on manufacturing and total employment in the U.S., the latter will be the focus of this paper.
To move beyond the basic labor market specification, there are numerous choices an AGE modeler can make within the three components of the labor market: labor supply, labor demand, and market coordination. 1 For example, for labor supply, one choice is whether to use a representative household or microsimulation approach. For labor demand, the choices center on the degree of substitution or complementarity between different types of labor (e.g., skilled versus unskilled) in production. Finally, for market coordination, modelers are faced with the choice of perfectly or imperfectly competitive labor markets. In addition to these three labor market components, Boeters and Savard (2013) also identify two other key directions of model development: introducing more complex labor market mechanism such as endogenous unemployment and collective bargaining, and disaggregation of units (e.g., types of labor, households, occupations). These different dimensions and labor market components will be used to help organize the discussion on modeling choices made in this paper and the potential benefits and drawbacks of these choices.
Because the main objective of this paper is to extend the labor market specification in the standard GTAP model to enable the model to assess the impacts of policy changes on employment (and hence unemployment), only labor market issues that can be modeled using static or recursively dynamic models are considered. For example, trade agreements that reduce employment of unskilled labor in manufacturing could cause a change in education choice, increasing the level of skilled versus unskilled labor. This type of life cycle decision would require a dynamic model with forward-looking agents. In addition, labor mobility across countries will not be considered as this goes beyond the purview of models based on the standard GTAP data base (Aguiar, et al. 2019) .
Several earlier AGE models have assumed more complex labor market coordination than perfect competition within a static or recursively-dynamic model. Kehoe and Serra-Puche (1983) assume that the real wage of urban consumers in Mexico is downwardly rigid, due to the presence of a government minimum wage policy and labor unions, but where wages are updated. Similarly, in the MONASH model of Australia, Dixon and Rimmer (2002) assume that institutions such as labor unions cause wages to be "sticky" in the short-run, leading to the possibility of unemployment. While the assumption of wage rigidity may be appropriate in some countries, it would not be for other countries such as the United States where the membership in labor unions has been decreasing and real wages have experienced significant fluctuations since 1979 (see Figure 1 ). A recent alternative to wage rigidity is the emerging literature introducing jobsearch frictions into AGE models, such as Hafstead and Williams (2018) . In this approach, unemployed individuals must search for a job opening and firms that want to hire must search for workers to fill the job. The number of "matches" or new hires in an industry is determined by a matching function that depends on the recruiting effort in each industry and the level of unemployment (see Shimer, 2010) . The greater the own recruiting effort or the greater the level of unemployment, the larger the number of matches. Conversely, the greater the recruiting effort in other industries, the smaller the number of matches in a given industry. This approach has two key advantages: it is based on consistent microeconomic foundations, and it can replicate key stylized facts about labor markets, such as the substantial rate of job turnover observed in the U.S. economy.
The remainder of this paper is organized as follows. The next section discusses the specification of labor supply in the model, including modifications to the existing GTAP preference structure to incorporate a labor-leisure decision by the 0.98 1.00 1.02 1.04 1.06 1.08 1.10 1.12 1.14 1979 1982 1985 1988 1991 1997 2000 2003 2006 2009 2012 2015 2018 Wage Index 1982 representative household in each region. This section also discusses the calibration of the labor disutility parameters to ensure that the preference structure is compatible with observed labor supply in the GTAP data base. The third and fourth sections describe the matching process and the modifications to the production structure of the GTAP model to incorporate existing and matched labor. The fifth section describes the equations in the new labor module and the required modifications in the GTAP data base. The last section compares the results of an experiment where the U.S. increases its existing ad-valorem tariff on metal products by 25 percent using the standard GTAP model and the new GTAP Labor model (GTAP-LAB) . This section also includes a sensitivity analysis of the new parameters in the GTAP-LAB model to highlight which endogenous variables are most affected by alternative values. The section concludes by considering a "short-run" scenario wherein capital is sluggish between sectors within a region.
Labor supply
When moving away from the assumption of fixed labor supply, one must recognize that the supply of labor can be flexible in both the number of hours worked (intensive margin) as well as labor market participation (extensive margin). Thus, there are three key aggregate labor supply elasticities: the elasticity of hours worked with respect to the wage rate, the elasticity of hours worked with respect to non-wage income, and the elasticity of participation with respect to the wage rate. 2 To determine the number of hours worked (or labor supplied), the representative household 3 will maximize a utility function that includes leisure as a separate good, giving rise to disutility of supply, labor subject to budget and time constraint. Consider the following general specification that abstracts from taxes and treats consumption as a single aggregate good: 
where c is consumption, l is leisure, p c is the aggregate price of consumption, h is hours worked, K is non-wage income, and T is the time constraint. Using the time constraint, we substitute h out of the budget constraint and have the following "full-income" constraint:
where the wage rate times the hours of leisure represents the opportunity cost of leisure. Note that because of the linear time constraint, choosing the hours of leisure or the hours of work will be equivalent.
If the utility function in equation (1) is represented by a Constant Elasticity of Substitution (CES) or Linear Expenditure System (LES), commonly used functional forms in AGE models, then the preference structure for the representative household is separable between consumption and the number of hours worked (or leisure). 4 This implies that the marginal utility of consumption does not depend on the number of hours worked. There are several advantages to this assumption. First, it will eliminate the need to disaggregate the regional household into employed and unemployed households and keep track of how their employment status might change following a policy shock. Second, it maintains a preference structure that is parsimonious in the number of unknown parameters that must be supplied by the modeler. This is an important consideration in multi-regional models.
If the utility function in equation (1) is CES, then the income elasticity of demand for leisure will equal 1, since the CES function is homothetic. If the time constraint T is constant, then any change in the hours of leisure demanded will have an equal and opposite effect on the hours of labor supplied. Consider a change in non-wage income:
where η h is the elasticity of hours works with respect to non-wage income. Bargain et al. (2014) find that the elasticity of hours with respect to non-wage income is very small, with an absolute value of the point estimate being of less than 0.05, and often negative across 25 representative micro datasets. This result was consistent across married men and women, and single men and women. If η h in equation (3) is small, then number of hours of leisure is also small relative to the number of hours worked. If η h equals -0.05 and h equals 40, then l must equal 2 and T would equal 42.
Given the very small empirical estimates of η h , one could consider an alternative, additive preference structure where non-wage income does not directly affect the number of hours worked. This would have the advantage of not requiring T to be calibrated for each representative household in the model. Following Hafstead and Williams (2018) , consider the following additive utility function with both skilled and unskilled labor:
where c is level of consumption, h is the units of labor for unskilled (u) and skilled (s) labor, ψ represents the disutility from work parameter, and 1/ρ is the Frisch elasticity of labor supply. To derive the labor supply from equation (4), consider the Lagrangian for the constrained utility maximization problem:
where w is the wage rate, K is non-labor income, p c is the consumption price index, and λ is the Lagrange multiplier. The first-order conditions (FOC) for total consumption, labor supplied, and the Lagrange multiplier are:
Using the FOC for skilled and unskilled labor:
then equation (10) are the inverse labor supply functions. If one expresses h as a function of the wage rate, the labor supply elasticities are:
Thus, in this model, the labor supply elasticities for skilled and unskilled labor are constant. 5 Because the utility function in equation (4) is separable between consumption and the number of hours worked, instead of log c for consumption, one could substitute the current GTAP preference structure for private consumption, government consumption and savings. Thus, the new GTAP preference structure can be expressed as:
where Q P is the aggregate quantity of private consumption, Q G is the aggregate quantity of government consumption, and Q S is the quantity of savings. Because of the assumption of separability, no changes are required in the existing GTAP product demand equations. The resulting labor supply function will be included in the new labor module for GTAP-LAB. Bargin, et al. (2014) state that, while the consensus in the existing literature on labor supply is that the elasticity of hours worked with respect to the wage rate is largest for married women and smallest for men, there is a large variation in the magnitude of the estimated elasticities of labor supply. For married women, Blundell and MaCurdy (1999) report wage elasticities ranging from -0.01 to 2.03 while Evers, et al. (2008) report elasticities ranging from 0.03 to 2.79. However, Evers, et al. (2008) report much lower variation in the wage elasticities for men. In Bargin, et al. (2014) , uncompensated elasticity of total hours, reflecting both the intensive and extensive margins with respect to the wage rate, range from 0.15 to 0.7 for single and married women, from 0.1 to 0.7 for single men, and from 0.05 to 0.2 for married men. Hall and Milgrom (2008) use a Frisch elasticity of labor supply of one, which they suggest represents an approximate average between the elasticity found for middle-age men (0.7) and higher elasticities found for women and young men. Yedid-Levi (2016), using a more complex preference structure that includes unemployment benefits and is non-separable in consumption and hours of work, calibrate the value of the Frisch elasticity of labor supply to equal one. In this paper, we follow Hall and Milgrom (2008) , Yedid-Levi (2016) , and Hafstead and Williams (2018) and set the initial value of the Frisch elasticity of labor supply to equal one, but recognize that this parameter is highly uncertain and therefore undertake a systematic sensitivity analysis with respect to its value.
Labor supply elasticities

Calibrating labor disutility
To determine the change in utility from a shock to an exogenous variable, such as a tax rate, in the GTAP model, values of the parameters ψ and ρ must be determined. The value of ρ is determined by the choice of the labor supply elasticity. However, ψ must be calibrated such that it is consistent with the units of labor supplied in the initial equilibrium of the GTAP data base year. To do so, start by using equation (6) to solve for λ: 13) or λ is equal to the reciprocal of total expenditure (consumption and savings in GTAP-LAB). Substituting equation (13) into equation (10):
If the initial wage rate is equal to $1 and the labor supply elasticity is also 1, then ψ is equal to initial total expenditure divided by the initial units of labor supplied. The top half of Table 1 shows the initial values of the key factors in equation (14) and the calibrated values of ψ for the three regions that are used in the illustrative experiment discussed below: the U.S., EU, and Rest of the World (ROW). Note that the choice of the units of labor, defined as the amount of labor that can be rented for $1 in the initial equilibrium, is purely arbitrary. If data are available on wages rates across countries and sectors, one could define the units of labor as the total expenditure on labor divided by the wage rate. 
Change in total utility
Instead of just being composed of aggregate consumption, total utility is now a function of aggregate consumption and labor disutility:
where U c is the level of utility from consumption and savings, or the current level of utility in the GTAP model. Because preferences are ordinal, and following the current practice in the GTAP model, the level of U c is normalized to equal one. From equation (13), if the initial level of p c equals to $1, then c is equal to initial total expenditure. Thus, normalizing the value of U c to equal one implies that h u and h s in equation (15) also be rescaled by initial total expenditure. 6 The bottom half of Table 1 shows the initial values of U c , the disutility of labor, and total utility from each region. The change in utility can be derived by taking the first-order differential of equation (15):
Matching process
The current literature on frictional unemployment utilizes a search model where unemployed workers must search for job openings. To hire new workers, firms must utilize some labor to "match" the unemployed workers with job openings in their firm (or sector). Following Shimer (2010) , Hafstead and Williams (2018) specify a matching function that exhibits constant-returns-to-scale in its main arguments: the level of aggregate unemployment and recruiting effort in each sector. 7 Their matching function is given below:
where m j is the number of matches in sector j, v j is the number of recruiters in sector j, h j is the number of hours worked by a recruiter in sector j, (1 −̄) is the unemployment rate, 8 k is indexed over all sectors, and μ j and γ j are matching efficiency and matching elasticity parameters in sector j. In this specification, the number of matches in a given sector increases as the unemployment rate increases, as the recruiting effort in that sector increases, and as the recruiting effort in other sectors decrease (less competition for unemployed workers). Rather than revise the labor data in the GTAP model to the number of hours worked, equation (17) can be based on the number of "units" of labor. 9 Thus, one can rewrite equation (17) as follows:
where R j is the units of recruiter labor used in sector j.
Classes of labor and production structure
To ensure that adjustments in the labor market occur through the hiring of unemployed labor, three classes of labor are identified: existing, matched (newly hired) labor, and recruiters for both skilled and unskilled labor. The quantity of existing labor is assumed to be fixed in each sector. As will be discussed later in this section, because the annual job turnover rate is relatively large in all sectors, any increase or decrease in labor employment can accomplished through the level of matched labor hired. This eliminates the need for the model to determine when involuntary unemployment of existing labor occurs. In addition, it is not necessary for the model to determine when or if an existing worker decides to voluntarily switch to employment in a different sector.
Unmatched labor, from which matched labor and recruiters are drawn, is available to all sectors. 10 Thus, there will be a single wage rate for matched labor and recruiters across all sectors for each labor type. For simplicity, each labor type is used to recruit its own type of labor -e.g., skilled labor is used to recruit skilled labor and unskilled labor is used to recruit unskilled labor. A more complicated possibility would be for skilled labor (e.g., personnel in human resources) to recruit all the different labor types. However, this might make it difficult to have a generic model specification that could accommodate both a single aggregate type of labor as well as skilled and unskilled labor. In addition, because recruiters comprise a small share of the total labor force, the composition of skilled and unskilled labor in recruitment is not likely to have a large impact on the general equilibrium results.
Because matched and existing labor may differ in characteristics, a new CES nest is added to the GTAP value-added production structure, as shown in Figure  2 . For each labor type, e.g., skilled and unskilled labor, firms can substitute between existing and matched labor. The elasticities of substitution, denoted as σ LU for unskilled and σ LS for skilled labor, vary by labor type and sector, but not across regions in the current specification. This is similar to the assumption about the elasticity of substitution in the value-added nest in the standard GTAP model. Because existing labor is specific to each industry, the wage rates for existing labor will vary across industries and will be determined by changes in the demand for skilled or unskilled labor (e.g., qfe). The wage rate for matched labor and recruiters will be determined by labor supply functions in equation (10). Because the labor supply function has a constant elasticity, the level of labor supplied will not affect the supply elasticity. Thus, changes in the level of matched labor and recruiters across all sectors will result in a change in the wage rate for these labor classes. Because newly hired workers must be recruited, the "cost" of matched labor for firms includes not only the wages and input taxes paid on labor, but also the cost of recruiting the new workers. Thus, the cost of the labor composite qfe, will include the cost of existing, matched, and recruitment labor. This has the added benefit of requiring no changes to the existing zero profit condition in the model code.
One potential problem for this specification could occur for sectors where production decreases substantially. Because the level of existing labor is fixed in each sector, then labor employment cannot decrease below that level. Whether this problem arises in practice will depend on the level of labor turnover in each sector.
For the U.S., the level of labor turnover can be determined from the Job Openings and Labor Turnover Survey (JOLTS) from the U.S. Bureau of Labor Statistics (BLS). Table 2 shows the total U.S. non-farm separations, which includes individuals that were laid off or discharged, individuals that resigned, and other separations, on a monthly basis from 2001 through 2017. Total separations ranged from a low of approximately 48 million in 2010 and 2011, just after the Great Recession, to between 63 and 64 million in 2001 and 2017. However, as shown in Tables 3 and 4 , the number of total separations, as well as and the separation rate, varies greatly across sectors in the United States. Professional and business services, accommodation and food services, retail trade, health and social services, and construction have the largest number of total separations during the period 2008-2017. These five broad sectors accounted are approximately two-thirds of the total separations. In addition, these sectors also have relatively high separation rates (total separations divided by employment). The average monthly separation rates range between 5 and 6 percent for these sectors, except for health and social services, which averages closer to 2.5 percent. This compares to an average monthly separation rate of between 3 and 3.5 percent across all non-farm sectors in the United States. The arts, entertainment and recreation sector also have a very high separation rate of greater than 6 percent in most years. Conversely, government employment, information, finance, wholesale trade, and manufacturing have relatively low average monthly separation rates, less than 3 percent for most years.
To determine the level of matched labor, the annual turnover rate, defined as total separations divided by total employment, is computed for each sector. Note that total employment can be determined by dividing the total number of separations each month by the separation rate. Then the total monthly separations are summed and divided by the average annual level of employment in each industry. Table 5 gives the annual turnover rate for the 17 sector groups between 2008 and 2017. Professional and business services; accommodation and food service; retail trade; arts, entertainment, and recreation; mining and logging; and construction have the highest turnover rates, with some rates exceeding 70 percent. For example, the turnover rate in construction was equal to or exceeded 70 percent from 2008 through 2012. This implies that at least 70 percent of the labor employed in construction would be considered a new "match" during those years. The lowest turnover rates occur in manufacturing, finance, information, wholesale trade, and government. While the turnover rate for the government ranged between 15 and 20 percent, this would not represent the lowest level of matched labor when applied to the GTAP database because government activities (e.g., public administration and defense) are only a part of the GTAP sector Public Administration, Defense, Education, Health (osg). This sector also includes education and health and social work, where turnover rates are mostly between 25 and 30 percent. Otherwise, the lowest turnover rates are in the finance and insurance sector, ranging from approximately 20 to 29 percent between 2008 and 2017. Thus, at a minimum, matched labor would represent about 20 percent of the total employment in this sector. This implies that employment would have to fall by approximately 20 percent before reaching the fixed level of existing labor. It would be very unlikely for this to occur for most policy experiments undertaken with the GTAP model. If this were a problem for a smaller sector, one could implement a negative shock to the level of existing labor for that sector.
Labor module
In this section, the equations in the new "labor module" that will determine the changes in level of matches and recruitment labor, the demand for existing and matched labor, and various price and quantity indices are presented. All new equations and share definitions will be presented in algebraic form.
The new labor module is a mix of mostly linear equations, but a few levels equations, with the choice between linear and levels equations being a matter of convenience and ease of interpretation. 11 The levels equations are for the number of matches, the level of unemployment, and the level of matched and recruitment labor. 12 Note that e is indexed to include both skilled and unskilled labor and j is indexed over TRAD_COMM to avoid having levels equations that are always equal to zero, as would be the case for the CGDS sector. The ten new endogenous linear variables, representing percentage changes in underlying levels, are: 1) qlab_e(e,j,r): demand for existing labor type e in sector j in region r, 2) qlab_m(e,j,r): demand for matched labor type e in sector j in region r, 3) plab_e(e,j,r): firm price of existing labor type e in sector j in region r, 4) plab_m(e,j,r): firm price of matched and recruitment labor type e in sector j in region r, 11 Hertel, et al. (1992) show that both the levels and linearized versions of a non-linear AGE model provide accurate solutions to the non-linear equilibrium problem, with the levels representation being a more natural way to express accounting conditions while behavioral relationships are more easily expressed in a linearized representation. Harrison, et al (1994) discuss the advantages to modelers from using a mixture of levels and linear equations. 12 This choice was made to eventually allow for a lower bound on unemployment that would correspond to "full employment" to be incorporated into the model. Finally, there is one levels variable that is exogenous, QUNMATCH(e,r), the level of unmatched labor type e in region r, and one linear exogenous variable, qoel(e,j,r), the supply of existing labor type e to sector j in region r.
There are three new levels equations in the labor module. The first levels equation is the number of matches from equation (18), using the above nomenclature: 
where k is indexed over TRAD_COMM. The new two levels equations determine the level of matched and recruitment labor and the level of unemployment:
To link the level of matches in equation (19) to the demand for matched labor, the following linear equation is specified:
The next set of linear equations relate to the use of existing and matched labor by firms. Given the nested CES structure for existing and matched labor discussed above, the demand equations for these labor types are:
where σ Lj is the elasticity of substitution between existing and matched labor in sector j. Note that similar to the elasticity of substitution within the value-added nest, this value is allowed to vary across sector but not across regions. The market clearing condition for existing labor is:
Since qoel is an exogenous variable, this will fix the level of existing labor in each sector. One could apply a negative shock to qoel to include some additional job destruction. Note that this market clearing condition will pin down the wage rate for existing labor in the model. As shown in Figure 2 , the total labor employed in production (e.g., the variable qfe in the standard GTAP model) is a composite of existing and matched labor, but not recruitment labor. However, the cost of matched labor to firms will include the cost of recruitment. Because the matching function exhibits a diminishing number of matches from increases in the number of recruiters a sector employs, all else constant, the cost of recruiting per match (e.g., the unit cost) will increase with the number matches. The unit cost of matched labor is derived by first defining the total cost of matched labor to equal the wage rate for matched labor times the sum of the number of matches plus the number of recruiters:
where TC_M is the total cost of matched labor and PLAB_ML is the level of the wage rate for matched labor. Then, the unit cost of matched labor, UC_M, is defined as the total cost divided by the number of matches, or:
Note that even if the market wage for matched labor is equal to $1, the unit cost of matched labor will be greater than $1. Totally differentiating equation (27) gives the linear equation:
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where VSHRCT is the cost share of recruitment labor in matched labor for labor type e in sector j in region r. Note that VSHRCT is equal to PLAB_ML*QFE_LR divided by TC_M. The wage rate for matched and recruitment labor is determined by the inverse supply of these two labor classes using a linear version of equation (10):
where η is the inverse labor supply elasticity. Note that the labor supply elasticity is allowed to vary by labor types, skilled versus and unskilled, and across regions. Also note that this equation is linked to the levels equation for total labor supplied.
The next set of equations in the labor module are the price linkage equations and the expressions for several composite prices. The price linkage equations for existing and matched labor (including recruitment labor) are:
_ ( , , ) = ( , ) + _ ( , , ), and
where tf is the tax on labor type e used by sector j in region r, and to is output (income) tax on labor type e in region r, which are both exogenous variables. Next, is the equation for the composite price of existing, matched, and recruiting labor in each sector:
where SHRLP is the share of existing labor e used by sector j in region r. Again, note that the unit cost of matched labor is used as the "price" for matched labor in this composite.
To update the value of producer expenditure at market prices, denoted as VFM in the GTAP model, a composite market price of existing, matched, and recruitment labor for each labor type is computed for each sector in all regions. Using index theory, the value of producer expenditure on labor at market prices, which is defined as VFM in the standard GTAP model, can be expressed as the level of the price index for labor, evaluated at market prices, PM_LAB_L, times the level of the quantity index of labor used in production, which is defined as QFE_L. Then: 
where PM_LABE_L is the level of the market price for existing labor, QLAB_E is the level of existing labor, and PM_LABM_L is the level of the market price for matched and recruitment labor. Totally differentiating equation (35): 
where SHRLPE is the share of existing labor in the total cost of labor, SHRLPM is the share of matched labor in the total cost of labor, and SHRLPR is the share of recruitment labor in the total cost of labor, all evaluated at their respective market prices. Note that qfe is the percentage change in the demand for labor, as defined in the standard GTAP model. With three classes of labor, it may be useful for reporting purposes to compute a composite market price of labor (pm) for each labor type. The change in this composite price will be a share weighted sum of the price of existing labor and matched labor, at market prices:
where REVSHR_E is the share of existing labor type e across all sectors in r and REVSHR_M is the share of matched and recruitment labor type e across all sectors in r.
The last equation in the labor module defines the total supply of labor, including existing, matched, and recruitment labor. The total level of labor supplied, QO_L, is defined as the sum of the level of production labor, QFE_L, plus the sum of recruitment labor, QFE_LR, across all sectors. Note that QFE_L is the quantity index of existing and matched labor. The corresponding linear equation is:
where QFESHR is the quantity share of production or recruitment labor type e used in sector k in region r.
Other model modifications
Other than the modifications to the change in utility discussed above, there are a few other changes needed to incorporate a matching function and an endogenous labor supply. The main modification is to the computation of factor income at market prices, net of depreciation (fincome). First, the coefficient FY, is redefined as: 
where VELBM is the value of existing labor type e, in sector j and region r, at market prices; VRCTM is the value of recruitment labor type e, in sector j and region r, at market prices; and VMATM is the value of matched labor type e, in sector j and region r, at market prices. Note that the index ENDNL_COMM includes all non-labor primary factors. Using equation (39), the equation FACTORINCOME is modified to: 
The new treatment of labor also necessitates the modification of equation TFURATIO, which computes the change in ratio of tax payments on factor usage to regional income. The new equation, expressed in GEMPACK code is: 100.0 * INCOME(r) * del_taxrfu(r) + TFU(r) * y(r) = sum(i,ENDWM_COMM, sum(j,PROD_COMM, VFA(i,j,r) * tf(i,j,r) + ETAX(i,j,r) * [pm(i,r) + qfe(i,j,r)])) + sum(i,ENDWS_COMM, sum(j,PROD_COMM, VFA(i,j,r) * tf(i,j,r) + ETAX(i,j,r) * [pmes(i,j,r) + qfe(i,j,r)])) + sum(i,ENDWL_COMM, sum(j,PROD_COMM, VFA(i,j,r)*tf(i,j,r) + ETAX(i,j,r)*[pm_lab(i,j,r) + qfe(i,j,r)]));
Finally, two initial levels in the original GEMPACK code require modification. First, the level of qfe is set equal to VFM in the standard GTAP model, because all market prices are initially set equal to one. However, because the cost of recruitment is included in the market price of matched labor, the market price of labor will be greater than one. A new coefficient is defined in the labor module, QFE_L, which is defined as the level of composite labor used in production. 13 This also necessitates that the initial level of the market price of labor also be revised. Instead of all market prices being set equal to one, they are set to a new coefficient PM_L, which provides the initial market price of labor that includes the unit cost of recruitment, with all other market prices being set equal to one.
Modification of GTAP labor data and calibration
This section details how the labor data in the existing GTAP Data base are modified, key assumptions, and how the parameters of the matching function are calibrated. In this paper, version 9 of the GTAP Data base (Aguiar, et al. 2016) using the base year of 2011 is used. To aid in this discussion, the modification of the labor data for the commodity aggregation used in the example in the next section for a single region, the United States, will be highlighted. In the example, there are six sectors: food and agriculture, extraction industries, metals (ferrous and nonferrous), manufacturing, trade and transportation, and services. Both skilled and unskilled labor are included in the example.
Following the earlier discussion on calibrating the labor disutility parameters, one unit of labor is defined to equal to $1 worth of labor. Then the initial value of VFM in the GTAP Data base will equal the initial units of each labor type in each sector. The top portion of Table 6 shows the values of VFM for skilled and unskilled labor for the six sectors in the United States. These values are then allocated to existing labor, matched labor, and the number of recruiters in each sector. Because data availability on the number of recruiters in specific industries is not available, it is assumed that 1 percent of the total quantity of labor employed in each sector are recruiters. 14 The upper right-hand portion of Table 6 shows the number of recruiters for both skilled and unskilled labor by sector.
The level of matched labor is determined by the turnover rate in each sector, based on the data from the JOTLS data given in Tables 2-5 . For metals, the turnover rate is set equal to the rate for durable manufacturing. Given this rate, the turnover rate for the manufacturing sector is determined such that the turnover rate for metals and manufacturing is equal to the average for all manufacturing. The turnover rates by sector are given in the middle of Table 6 . 15 With no information on turnover rates by labor type, the rates for skilled and unskilled labor are assumed to be equal. Note that the initial level of matched labor, and thus turnover rate, for services is treated as a residual to ensure that the total level of matched labor, determined by the aggregate turnover rate for the United States, equals the sum of the initial level of matched labor across all sectors. Then, the level of existing labor is determined by subtracting the initial level of 14 Hafstead and Williams (2018) assume that 0.5 percent of workers are engaged in recruitment in each sector of their model. To avoid the potential of the number of recruiters being driven to zero in a shrinking sector, the disaggregation of each labor type initially assumes that 1 percent of all workers are engaged in recruiting. 15 The U.S. turnover rates are applied to all regions in this example. Data on job tenure intervals are available from the Organisation for Economic Co-operation and Development (OECD) (https://stats.oecd.org/Index.aspx?DatasetCode=STLABOUR), but are not disaggregated by industry. matched labor and recruiters from the initial total labor type employed in each sector. These values are shown in the bottom of Table 6 .
To calibrate the matching function in equation (19) requires data on the level of unemployment for each labor type in each region. The overall level of unemployment can be readily obtained from many regions from data sources such as the Bureau of Labor Statistics (BLS) in the United States. 16 For the base year of 2011, BLS data from the Current Population Survey (CPS) show that the U.S. unemployment rate was approximately between 9.0 percent. The overall unemployment rates for the EU and the ROW are assumed to be 9.5 percent and 10 percent respectively. BLS data on unemployment rates by education level are utilized to determine the unemployment for skilled and skilled labor for the United States. While using educational levels to define skilled versus unskilled labor are not a perfect mapping, they provide some evidence on the differential rates of unemployment across these two labor types. In the base year of 2011, the average unemployment rates in the U.S. were: 14.1 percent for individuals without a high school diploma, 9.4 percent for high school graduates, 8.0 percent for individual with an associate's degree or some college, and 4.3 percent for those individuals with a Bachelor's degree or higher. Without a means to weight these different unemployment rates and assuming that most skilled labor have at least an associate's degree, the unemployment rate for skilled labor in the U.S. is assumed to by 7.0 percent. This implies that the initial unemployment for unskilled labor equals 11.8 percent for the overall U.S. unemployment rate to equal 9.0 percent. In the example simulation, the unemployment rates in the EU are 7.5 and 12.2 percent for skilled and unskilled labor and 8.0 and 11.6 percent for skilled and unskilled labor in the ROW.
As discussed in Hafstead and Williams (2018) , empirical estimates of vary from between 0.3-0.5 (Petrongolo and Pissarides, 2001) to 0.75 (Hall 2005; Shimer 2005 ). Hafstead and Williams (2018) , as well as Hall and Milgrom (2008) use a value 0.5 for all sectors as an "average" estimate. This will also be the initial value of γ used for all sectors, labor types, and regions, as shown in Table 7 . However, a sensitivity analysis will be conducted for alternative values of γ to assess the sensitivity of the model results to alternative values. Given the values of the initial number of matches, the number of recruiters, the level of unemployment, and the parameter γ, it is possible to solve for μ in equation (19). The calibrated values of μ for each sector and labor type for the U.S. are shown in Table 7 . 
Results
This section will focus on an experiment where the U.S. increases its existing ad-valorem tariff on metal products by 25%, going from approximately 1.0% to 26.2% for the EU, and 0.3% to 25.4% for the ROW. The results of the experiment will be compared for the standard GTAP model and the new GTAP-LAB model. A sensitivity analysis with respect to the key labor parameters in the GTAP-LAB model is then presented. Finally, this experiment is conducted using a "short-run" version of the GTAP-LAB model where capital is treated as a sluggish endowment.
In all model specifications, there are six sectors: food and agriculture, extraction industries, metals, manufacturing, trade and transportation, and services. The primary factors of production in the GTAP Data base are not aggregated to focus on skilled and unskilled labor. Three regions are included in the experiment: the U.S., the EU, and the rest of the world (ROW). All common parameters in the standard GTAP and GTAP-LAB models are set to their default values. The elasticity of substitution between existing and matched labor is set equal to 2.5 in all sectors and regions. In the "short-run" scenario, the elasticity of transformation of capital between sectors is set equal to -0.1 in all regions.
Comparison between standard GTAP and GTAP-LAB models
The economic intuition of the impact of the tariff increase is that imported metal products become more expensive, causing U.S. firms to substitute domestic metal products for imported metal products. This increase in domestic intermediate demand leads to an increase in the price of U.S. metal products, and therefore increases the cost of production in U.S. sectors, mainly manufacturing. This increase in production costs for U.S. manufacturers leads to a reduction in domestic demand and exports as U.S. manufactured goods become relatively more expensive than manufactured good from the EU and the ROW. Output of U.S. metals products also increases, although the increase in domestic demand is tempered by reductions in U.S. exports as U.S. metal products become relatively more expensive than metal products from the EU and ROW.
While the increase in U.S. metals production will increase its demand for skilled and unskilled labor, the reduction in U.S. manufacturing production will have the opposite effect. 17 Because the U.S. manufacturing sector is larger and employs more labor, the reduction in labor demand by U.S. manufacturing will more the offset the increase in labor demand by the U.S. metals sector. In the standard GTAP model, with fixed labor use, a decrease in demand would lead to a reduction in the wage rates. In this simulation, U.S. wage rates fall by 0.11 and 0.1 percent for unskilled and skilled labor (see Table 8 ). While the composite U.S. wage rates also fall in the GTAP-LAB model, the different structure of labor use gives rise to quite different impacts on wages of existing and matched labor as well as total employment of labor.
Because existing skilled and unskilled labor are assumed to be sector specific, as long existing labor is not a perfect substitute with matched labor, and labor is an imperfect substitute for land and capital, wage rates for existing labor will move in the same direction as sectoral output. In the U.S. metals sector, the expansion of production and resulting increase in the demand for existing skilled and unskilled labor increases the wage rates by 9.5 percent. Thus, the overall composite price of skilled and unskilled labor (pfe) paid by the U.S metals sector, Table 9 ). 18 The larger increase in labor cost leads to a larger increase in the price of U.S. metals: a 4.25 percent price increase versus a 2.25 percent increase in the standard GTAP model (see Table 8 ). The increase in labor cost accounts for about 80 percent of the two percent point larger price increase. The larger price increase of U.S. metal products leads to a smaller production increase of 7.8 percent compared with an 11.8 percent increase in the standard GTAP model (see Table 8 ). This occurs for several reasons. First, the larger price increase causes exports of the U.S. metal products to decrease by 2.2 percentage points more than in the standard GTAP model. The reduction in exports also reduces the own-use of metal products, further reducing the output of U.S. metal products. Finally, the larger increase in the price of U.S. metal products reduces price differential to imported metal products, thereby reducing the substitution effect in domestic intermediate demand compared to the standard GTAP model. Domestic intermediate use of U.S. metal products is about 1.9 percentage points lower than in the standard GTAP model, with about 75 percent of that decrease due to the reduction in own-use.
For U.S. manufacturing, the assumption of sector-specific existing labor has the opposite effect. The wage rates for existing skilled and unskilled labor decrease by approximately 0.75 percent with the overall composite price (pfe) decreasing by 0.6 percent, again compared with the 0.1 percent decrease in the standard GTAP model. The lower labor costs, although partially offset by the higher cost of U.S. metals intermediate inputs, leads to a 0.1 percentage point lower increase in the price of U.S. manufactured products than in the standard GTAP model. The lower price increase in turn leads to a 0.2 percentage point smaller decrease in U.S. manufacturing production, mainly due to a smaller reduction in U.S. exports.
While the different structure of labor demand in the GTAP-LAB model affects the level of production, or the expansion effect, it also affects the substitution effect. In the standard GTAP model, the increase in the tariff has only a small impact on the capital rental rate, implying that the substitution effect for labor demand is very small in the U.S. metals and manufacturing sectors. However, in the GTAP-LAB model, the relatively large changes in the wage rates for existing labor lead to more substantial substitution effects. In the U.S. metals sector, the increases in the wage rates for existing labor cause the composite price of skilled and unskilled labor to increase relative to capital. Thus while U.S. metals production increases by 7.8 percent, the demand for skilled and unskilled labor only increases by 5.5 percent. Thus, the gains in employment in the U.S. metals sector is even smaller, compared to the standard GTAP model. Conversely, the reduction in the wage rates for existing skilled and unskilled labor in U.S. manufacturing, relative to the capital rental rate, lead to a positive substitution effect. While the production on U.S. manufacturing drops by 0.46 percent, labor use only drops by about 0.35 percent. Thus, the contraction of employment in U.S. manufacturing is not as large as in the standard GTAP model.
Given the relative size of the U.S. trade and transport, and services sector, there are also some small, but important differences in the level of output and labor demand between the GTAP-LAB and standard GTAP model. For services, production was unchanged in the standard GTAP model, but decreases by 0.1 percent in the GTAP-LAB model. This difference is mainly driven by changes in investment use (e.g., use in the CGDS sector). As will be more fully discussed shortly, the reduction in employment in the GTAP-LAB model leads to slightly larger decrease in U.S. income and therefore a larger reduction in savings (qsave). For U.S. trade and transport, output decreases by 0.05 percent, compared to a 0.04 percent increase in the standard GTAP model, due to smaller increase in intermediate use in the U.S. metals sector along with reductions in own-use and investment use. While the wage rates for existing skilled and unskilled labor in these sectors decrease from the reduction in output, it the composite price of skilled and unskilled labor decreases less than the decrease in the capital rental rate, leading to an additional decrease in employment in these sectors. As will be shown shortly, these decreases in labor use, particularly in services, will have important impacts on overall labor employment.
Another implication of existing labor being sector specific is that any change in labor use must be achieved through a change in the level of matched labor. For the U.S. metals sector, the relatively low turnover rate implies that this sector has a low initial level of matched labor. Thus, the 5.5 percent increase in the use of skilled and unskilled labor by the U.S. metals sector requires a relatively large increase in matched labor, which increases by approximately 26 percent for skilled and unskilled labor (see Table 10 ). In order to hire more labor, more recruiters must also be employed. The number of recruiters for unskilled labor increases by 24.8 percent while the number of recruiters for skilled labor increases by 24.0 percent. 19 Conversely, the reduction in labor use in U.S. manufacturing leads to a 1.4 and 1.46 percent reduction in the use of skilled and unskilled matched labor. Because fewer matches are required, the number of recruiters in U.S. manufacturing also decrease by 3.1 percent for skilled labor and 2.5 percent for unskilled. labor. Finally, as shown in Table 10 , the level of matched labor decreases by 0.20 to 0.24 percent in trade and transport and 0.30 to 0.33 percent in services. The number of recruiters for unskilled labor decrease by 1.27 and 1.36 percent in trade and transport and services, and by 1.93 and 2.03 percent for skilled labor.
Given the changes in the use of matched labor and the number of recruiters across sectors in the U.S., it is possible to determine the impact on overall employment. The bottom half of Table 10 shows the change in the units of matched labor employed in each U.S. sector as well as the number of recruiters for skilled and unskilled labor. The increase in employment of skilled and unskilled labor in the U.S. metals sector is more than offset by reductions in employment in the U.S. manufacturing and services sectors. Employment of skilled and unskilled matched labor in the U.S. decreases by 0.26 and 0.27 percent. With fewer matches required, the number of recruiters for skilled and unskilled labor decreases by 1.97 and 1.23 percent as well. Overall, the level of unemployed skilled and unskilled labor increases by 1.53 and 0.83 percent while the level of employed skilled and unskilled labor (qo) decreases by 0.12 and 0.11 percent in the United States. This translates into a 0.1 percentage point increase in the U.S. unemployment rate for both skilled and unskilled labor. Notes: a All labor units are initially defined as $1 worth of labor.
Source: Author calculation`s.
Note that because the level of unemployment increases in the U.S., it becomes easier for firms to find labor matches, thus reducing their recruiting effort for a given level of matches. Therefore, the reduction in the number of recruiters is larger than the reduction in the level of matched labor in U.S. manufacturing, trade and transport, and services. Also, the increase in the number of recruiters in U.S. metals is smaller than the increase in the number of matches. Thus, the decrease in the units of recruiter labor serves to reinforce the decline in overall labor use.
The decrease in the U.S. demand for matched and recruitment labor caused the U.S. wage rates for matched skilled and unskilled labor to decrease by 0.12 and 0.11 percent. The composite wage rate, across all sectors and existing and matched labor, decreases by 0.21 percent for skilled labor and 0.18 percent for unskilled labor in the United States. The capital rental rate also decreases by 0.3 percent, slightly larger than the 0.12 percent decrease in the standard GTAP model due to a reduction in capital use by the U.S. services sector in the GTAP-LAB model. With larger reductions in factor prices (except for natural resources) and less labor employed, U.S. household income decreases by 0.21 percent, compared with only a 0.005 percent decrease in the standard GTAP model (see Table 11 ). The decrease in regional household income leads to a reduction in total utility of 0.036 percent in the GTAP-LAB model, compared with a 0.0015 percent reduction in the standard GTAP model. For the GTAP-LAB model, the decrease in total utility can be decomposed into a 0.10 percent reduction in the utility from consumption, which is offset from a reduction in the disutility of labor employment of 0.23 and 0.24 percent for skilled and unskilled labor, due to the reduction in labor employment. With a larger decrease in total utility, U.S. equivalent variation (EV) decreases by about $4.9 billion in the GTAP-LAB model as opposed to $202 million in the standard GTAP model. -202.4 990.3 -5,509.4 -4,888.7 3,226.4 -3,946.7 The increase in the U.S. tariffs on imported metals has a positive, but relatively small impact on labor markets in the EU and ROW. While metal production declines in both regions, a small expansion in the production of manufacturing and services, along with labor becoming relatively less expensive than capital, results in an increase in labor use in both sectors in the EU and ROW (see Table 9 ). This leads to an increase in matched and recruitment labor in both sectors in the EU and ROW. Total employment of skilled and unskilled labor increases by 0.05 percent in the EU and 0.03 percent in the ROW. With more labor employed and higher wage rates, the changes in household income, total utility, and EV are larger than in the standard GTAP model (see Table 11 ).
Sensitivity analysis
To provide insight on the sensitivity of the GTAP-LAB model to key labor parameters, an analysis is performed on the labor supply elasticity (1/ρ), the elasticity of substitution between existing and matched labor (σ LU and σ LS ), and the matching elasticity parameter (γ). Note that matching efficiency parameter (μ) is calibrated, given the value of γ, such that the matching functions replicate the initial level of matches and recruiters. Also note that the labor disutility parameters (ψ) are calibrated given the value of the labor supply elasticity. In the sensitivity analysis, a uniform distribution is assumed with the endpoints at plus/minus 50 percent of the base values. For example, the base labor supply elasticity is equal to one, so the endpoints are 0.5 and 1.5. Since no information is available on how these parameters may vary across regions or sectors, they are varied together. So, the labor supply elasticities for skilled and unskilled labor are varied by the same amount in each region.
Tables 12 and 13 provide the model results key U.S. sectors for the base parameters, and the mean and standard deviation from varying all three labor parameters. The top portion of Table 12 focuses on the sensitivity of the change in aggregate market price and labor supply of skilled and unskilled labor, and the market prices and output levels of the metals, manufacturing, and services sectors in the United States. In most cases, the standard deviation is approximately one tenth the magnitude of the mean or base result. The largest absolute standard deviations are for the market price and output of the U.S. metals sector. For these variables, the elasticity of substitution between existing and matched labor is main driver of model uncertainty. The bottom portion of Table 12 focuses on labor use (qfe) and the composite price of labor paid (pfe) in the U.S. metals, manufacturing, and services sectors. Relative to the mean or base results, the standard deviations for labor use are larger than for the changes in market price and output. For U.S. metals and manufacturing, the key driver is the elasticity of substitution between existing and matched labor. However, for services, uncertainty in the labor supply elasticities and the matching elasticity account for more of the uncertainty. Both parameters have a larger effect on the standard deviation of total income in the U.S., which affects the demand for savings and production of investment goods, which were shown earlier to have an important impact on the production of services in the United States. The composite price of labor is most affected by the elasticity of substitution between existing and matched labor. Table 13 focuses on how changes in the labor parameters affect the use of matched and recruitment labor in the U.S., and the overall impact on the level of unemployment for skilled and unskilled labor. For matched labor, the standard deviations are relatively small, mainly between one-tenth and one-third the magnitude of the mean values. The main drivers of the uncertainty are the same as for the labor use: the elasticity of substitution between existing and matched labor for metals and manufacturing, but more of a mix for the other sectors. The relative magnitudes of the standard deviations for recruitment labor are somewhat larger, mainly between one-quarter and one-half the value of the mean. Except for the U.S. metal sectors, the key driver of the uncertainty is matching efficiency parameter. For the metals sector, given the large increase in the demand for matched labor in the experiment, the elasticity of substitution between existing and matched labor is the key parameter in the variation in recruitment labor. Finally, the standard deviations for the change in level of skilled and unskilled unemployment is about one-fifth the magnitude of the mean values. These endogenous variables are most sensitive to the labor supply elasticity and the matching efficiency parameters.
Since unmatched labor can be employed in any sector within a given region, as the elasticity of substitution between existing and matched labor increases towards infinity, all labor would become perfectly mobile between sectors. Thus, the results from the GTAP-LAB model should converge towards the results from 
Sluggish capital scenario
With mobile capital and perfectly immobile existing labor between sectors, the increase in the U.S. tariff on metals increases wage rates in the U.S metals sector and decreases the capital rental rate in the United States. However, one might expect that at least in the short-run, the tariff increase would also increase the capital rental rate in the U.S. metals sector as well. To explore the short-run impacts of an increase in the U.S. metals tariffs, capital is assumed to be imperfectly mobile between sectors, with an elasticity of transformation of -0.1. A small, but non-zero elasticity of transformation is chosen based on the assumption that over a shorter period, it may be easier for some capital to move between sectors than for people to move, given the transactions costs associated with moving. Table 15 presents a comparison of select results for the GTAP-LAB model for the increase in the U.S. tariff on metals between mobile and sluggish capital scenarios. In the scenario with sluggish capital, the increase in U.S. metals production draws in a much smaller increase in capital: 1.2 percent versus 15.7 percent with mobile capital. The increase in the demand for capital with limited mobility leads to a 12.2 percent increase in the capital rental rate in the U.S. metals sector. Because the capital rental rate increases relative to wage rates for unskilled labor, the use of unskilled labor is 0.6 percentage points larger in the sluggish capital scenario compared with the mobile capital scenario. The impacts on the use of skilled labor by the U.S. metals sector are similar. With higher factor prices, the market price of U.S. metals is 1.2 percentage points higher. With less available capital and a higher output price, U.S. production of metals is 2.8 percentage points lower in the sluggish capital scenario.
In the U.S manufacturing sector, the limited capital mobility reduces the outflow of capital, but the reduction in the demand for capital, due to a reduction in output, leads to a 1.0 percent reduction in the capital rental rate. As opposed to the U.S. metals sector, the drop in the capital rental rate in U.S. manufacturing is larger than the decrease in wage rates. The resulting substitution effect leads to a larger decrease in the use of unskilled and skilled labor compared with the mobile capital scenario. A similar effect occurs in the U.S. services and trade and transport sectors.
While the use of labor increases in the U.S. metals sectors, the decrease in labor use in U.S. manufacturing, trade and transport, and services, compared with the mobile capital scenario, causes unemployment to increase. For skilled and unskilled labor, unemployment is about 0.2 and 0.1 percentage points higher with sluggish capital compared to with mobile capital. Thus, the short-run impacts on employment of the increase in the U.S. tariff on metals are higher.
Summary
This paper documents the development of a labor module for the standard GTAP model. Dubbed GTAP-LAB, this model incorporates job-search frictions, following the work of Hafstead and Williams (2018) , thereby introducing frictional unemployment into the standard GTAP model. In this approach, unemployed individuals must search for a job opening and firms that want to hire must search for worker to fill the job. The number of "matches" or new hires in an industry is determined by a matching function that depends on the recruiting effort in each industry and the level of unemployment. The number of matches required in a given sector depends on the turnover rate of workers in that sector, which is defined as the total number of job separations divided by total employment in the base year of the GTAP database. Data on U.S. job separations are available from the Job Openings and Labor Turnover Survey (JOLTS) from the U.S. Bureau of Labor Statistics (BLS).
To illustrate the potential of a GTAP model with frictional unemployment, the impacts of a 25 percent increase in U.S. tariffs on metal products (e.g., ferrous and non-ferrous metals) are simulated. While employment of skilled and unskilled labor increases in the U.S. metals sector, employment of both types of labor declines in U.S. manufacturing and services sectors. These decreases in employment offset the increase in the metals sector, leading to a 0.8 percent increase in the unemployment of unskilled labor and a 1.5 percent in the unemployment of skilled labor. These increases would translate to a 0.1 percent point increase in the unemployment rate in the U.S. labor market.
There are several potential barriers to wider use of GTAP-LAB. First is the availability of job separation or turnover rate data in regions other than the United States. In the example simulation, job turnover rates, and thus the initial levels of matched labor in the non-U.S. regions are assumed to be the same as for United States. Region-specific data are required for serious policy extensions to other regions. Data on job tenure intervals available from the Organisation for Economic Co-operation and Development (OECD) do show significant differences job turnover rates across OECD member countries, but these statistics do not include turnover rates by industry. However, this data source could provide a basis for differences in the total levels of matched labor across OECD member countries. Second, the small initial level of recruiters is based on a calibrated value from Hafstead and Williams (2018) . Further work should focus on exploring available data on recruitment costs by sector and countries to determine if the small level of recruiters assumed in this manuscript is an accurate depiction or not. Third, the values of supply elasticities for skilled and unskilled labor by region, the elasticities of substitution between existing and matched labor across sectors, and the matching efficiency parameter across sectors and regions are uncertain, and, in some cases unknown. Fortunately, a sensitivity analysis for these parameters indicated that the results in U.S. metal tariff simulations were not overly sensitive to the values of these labor parameters. Most of the standard deviations were onethird to one-tenth the size of the mean value of the endogenous variable.
In summary, with the introduction of GTAP-LAB for use by the global AGE modeling community, it is hoped that others will now be motivated to contribute to the improved specification and parameterization of labor supply and demand in their own countries. This is an aspect of global trade policy analysis that has long been neglected. Beginning to seriously address the underlying mechanisms behind frictional unemployment represents an important step forward.
